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Rotorcraft Structural Integrity and Safety

Activities FY04 FY05 FY06 | EYO7

Technical Information to Revise 14
CFR 29.571 to Reflect DT
Assessment Criteria

n,-'-" l
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o,

Technical Information to Update the
Fatigue and DT Assessment A A >
Guidance Material in AC's 29-2A &
27-1

HUMS Advisory Material &
Compliance Guidance for Part 29 >
and Part 27

Accomplishments

» Completed Phase | RCDT
= National Rotorcraft Technology R&D Efforts.

Center (NRTC)  Developed RCDT and HUMS
= DoD and NASA on HUMS R&D R&D Strategic (5-10 Year)
Plans and Roadmaps.

Partnerships

= European aviation authorities on
HUMS activities > Initiated HUMS and RCDT
Phase || R&D
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rotorcraft structures design and certification issues.



Rotorcraft Structures Program Goals

= Reduce the number of fatigue cracking
of structures leading to potential failure
of rotorcratft.

Assist the Rotorcraft Industry/OEM in

addressing RCDT design and
certification issues.

= Increase the rate of detection of
anomalies during flight.

Allow rotorcraft OEM/operators install
certified HUMS and its accessories on
board to obtain data, which can be used
for maintenance credits or component
fatigue life extension/reduction.




Rotorcraft Structural Integrity & Safety

Rotorcraft Health and Usage
Damage Tolerance Monitoring System

Load Monitoring

Fly-By-Wire
Flight Control Systems

eBell RCDT, NRCT/RITA - IA

eUsage Spectrum /Load

oHUMS Degradation, NAWCAD - IA itori
eBoeing RCDT, NRCT/RITA - I4 g —— Monitoring

) eHUM FRR, ERAU - Contract
oSikorsky RCDT, NRCT/RITA - IA

eDetection for Structures, Acellent - Contract

Projects Summary

oRC Threshold Data, ARL - IA
) eMechanical Systems, Smiths Aero - Contract
eCorrosion on FCG, NASA LaRC/JSC - 14

eHUMS Partition, Smiths Aero - Contract

el ife Enhancement, MSU - Contract

esHUMS COTS, Goodrich - Contract
eHUMS Flight Testing, Sikorsky - Contract

oFCG Analysis, MSU - Grant

eSmall Crack Effects, GiT— RCOE - I4
eDirect Load Measurement

oFCG Testing, NASA JSC - IA
. eWireless Networking
eShot Peening/FCG Model, UCI/SAC - Grant

eVibration Algorithm

eShot Peening Testing, WSU - Grant

e Approaches for Maintenance

eRobust FCG Model, Cranfield, Army IA

¢DT Computation

¢DT Probabilistics/Risk Assessment

eDT FCG Test Methods

DT Life Enhancement

eSmall/Large Crack Database

Project FYO06 FYO07
Types Projects | Projects
IAs 11 10
Grants 3 1
Contracts 17 16+
TOTAL 31 29+
Legends:

Projects in Black: On-going
Blue Projects Underlined: To be completed in FY06
Red Projects Underlined: Being awarded in FY06
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RCDT R&D Roadmap

GOVERNMENT

2000 2001 2002 2003 ——» 2005
FAA Rulemaking FAA Metallic Structures Rulemaking & AC writing NPRM
| g 1 W b ¥ W N
1 RCDT Specific Issues Study Case Studies
| yd 4 | A 4 [
2 Spectrum Development Usage Monitoring Usage Monitoring Dev.
yd | yd
% 3 EIFS Database Database Dev.
2 / | / |/ \ |
; 4 Coupon Test Methods | K-th, Long & Short Crack, HCF, & Peened Coupon Database | Database Dev.
= | y 4 \
g 5 NDI Survey / POD Studies | NDI T?chnology Deifelopr‘rllent
o
.“3 6 Certification Teslt Guidelines Analylsis Alternatives \to C|e{t. Tests | Dev
7 Life Enhanc?ment Methods | Life Enhancement R&D
A .\ y 4
8 CGA Dev/Val ; Stress Anal Guides ; HCF/LCF interaction ; K—sol’nsl\ Residual Stress/WFD R&D |l<
! - - | \ )\ \/
[ Support advisory material |[9 ™ Rjsk Assessment Case Studies Probabilistic DT R&D
[ Compliance issues | \ \ | \/ \ )<
v [] Technology enhancements| | 10 Corrosion Control R&D %

_________ +______________________

___+ _______________________________________________

"
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Industry Product Development and Field Support Technology Implementation

Composite Structures DT R&D, Rulemaking and Advisory Circular (AC) Material




FAA RCDT Phase | R&D Funding
($K)

FCG Data
& Methods
Fatigue Life Certification
Enhancement Testing
/é’“’-"("-é('?‘*r\
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FAA RCDT Research Status and Accomplishment
FYO00 - FY05 ($6M)

RCDT R&D
Accomplishment
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IS 2N

Rotorcraft Structural Integrity and Safety (@ \%\ Federal Aviation
June 06-09, 2006 G\_1 /:/ Administration
R



RCDT TRL Achievements (FY0O0 - FY05)

O Original TRL & Currently Achieved TRL

Corrosion [ 1 [ 2 ]
Technology concept and/or application formulated

Risk Assessment 2 [ 3 ] T
Analytical and experimental critical function and/or
3 |characteristics proof of concept
- Active research and development is intiated.
F C G An a Iys |S 2 ﬁ Component and/or breadboard validation in laboratory
4 |environment
Basic technological components are integrated to establish

Life En hanceme nt E that the pieces will work together.

Component and/or breadboard validation in relevant
5 |environment

g o o Fidelity of breadboard technology increases significantly.
Ce rtlflcatlon TeStlng 2 E System/subsystem model or prototype demonstration in an
6 |operational environment
Representative model or prototype system, which is well

2 beyond the breadboard tested for TRL 5, is tested in a relevant
environment.

TRL DESCRIPTIONS

Lowest level of technology readiness.

1 7 |System prototype demonstration in an operational environment
Prototype near or at planned operational system.

Actual system completed and operationally qualified through

8 |test and demonstration

1 Technology has been proved to work in its final form and under|
expected operational conditions.

E 9 |Actual system, proven through successful mission operations

Actual application of the technology in its production
configuration and under mission condition, such as those
encounted in operational test and evaluation.

R‘ D I I s s u e s Source, GAOINGIAD 99162 Best Frachices Appentis I, 1Echnoiogy Readiness Level Descriplons

0 1 2 3 4 5 6 7 8 9
Technology Readiness Levels (TRL) - Average

Wi

Usage Spectrum
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Finite Elemnent Methods and Codes

OVERALL RCDT TECHNOLOGY STATUS

FEDERAL AVIATION ADMINISTRATION
Rotorcraft Damage Tolerance (RCDT) Gap Analysis

Readiness.

Ready =0

IDENTIFIED

Enhancement of FEA comples
geometry ronlear shoes feld

FEA Enhancement

arvd frasiurs mecharies sades

i of Typical Spectrum
usig Mz

FEA 8 FIM terace RCDT Demonstration

Establishment of Typeal

Usape monitoring using HUMS

Usage Munmu
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FCG & Load Sensitivity
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Risk Assessment
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RCDT Technology Readiness Level Gaps

O Current TREL

B Required TRL

Mot | GAQ Technology Readiness Levels
Normally at TRL 9, but can be lower

Technology Maturation Risk s
(Current - Required) TRL

Certified?

Tachnology Maturation Risk (TMR)

Years to bring technology to required TRL T Risk TR
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Rotorcraft Damage Tolerance (RCDT) Gap Analysis J[2/2 I3

RCDT
R&D

Rating
Levels

Strain
Survey

Conti AC &
Airw 255 | Regulation
3 3

096+ —p | 0.69+ —p

Very iImportant

E ) o | o | o fen fon | o | | |

Technology Assessment Current State of Technology Regulation Support Criteria
Current| Required Years Technology | Techmology | Certification | Applicable to Is this
TRL TRL To Fully Gaps Readiness RCDTReg? |anR&D task?
Mtos)]| (Mors) | Operational | (0,1, 2.0r3) Ready =0
{or to TRL 8) Not Ready=1

(e RSN TECHNOLOGY
No=1 No=1 NEEDS

} l |
FAR 27.571 & 29.571 Selected for
prioritization

Must be research in nature



RCDT R&D Roadmap

DRAFT-RCDT Research & Development Rocadmap for Metallic Materials-(10-Year Plan)
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Usage and Load Spectrum
Usage and Data Collection
Load Spectrum Development
Determination of Repeated Heavy Lift RC Fatigue Life
Initial Crack State
Equivalent Initial Flaw Size (EIFS) Development Guidelines
Determination of Equivalent Initial Flaw Size
EIFS and Damage Database
FCG Data
Establishment & WValidation of Reliable FCG Methods
FCG and Fracture Properties Development
Centralization of RC Material FCG
FM - FCG Analyses
DevelopmentEnhancement of FMIFCG Methods/Algonthms
FMIFCG Methods & Algorithms Validation
FCG Methods Incorporating FLE
FM For In-Service Problems
Risk Assessment - Probabilistics
Development & Validation of Risk Assessment Methods
Risk Assessment or Probabilistic Modeling
MNDIE
MDI Methods Development
Advanced Sensor Applications
RCDT Demonstration for Compliance
RCDT Analysis
RCDT Testing
RCDOT Documentation
RCDT Guidelines
Regulatory Implementation &Tech Transfer
FAA Order B110.9 Revision
FAA Airworthiness Directives On RHL
FAA Advisory Circular (AC) om RCDT
RCDT Tech Transfer, Application, & Cert Compliance

< 97%

Completion

Milestone

=

Short Term (5 Years) | Long Term (10 Years)

Airport and Aircraff Safeiy Research & Development DNivision
FAA William J. Hughes Technical Center

Task

I Progress DR Summary I

Federal Aviation Administration (FAA) Rotorcraft Structural Integrity and Safety - March 21, 2006 -




$3,500

$3,000

$2,500

$2,000

$1,500

$1,000

$500

FAA RCDT R&D 10-Year ROM ($K)
$16M




FAA RCDT R&D 10-Year ROM ($K)
FYO06 - FY15
$16M

RCDT
Documentation

Usage & Load

Spectrum
NDIE \ » Initial Crack
State
Risk
Assessment CG Data

Mechanics &
FCG Analyses







212103 AC 28-2C, Chg 1

CHAPTER 3
AIRWORTHINESS STANDARDS
TRANSPORT CATEGORY ROTORCRAFT

MISCELLANEOUS GUIDANCE (MG)
ACZ29MG 15 AIRWORTHINESS APPROVAL OF ROTORCRAFT HEALTH USAGE

q G SYSTEMS (HUMS)

a. Purpose. The purpose of this section of the AC (AC 29 MG 15) is to provide
guidance to achieve airworthiness approval for rotoreraft Health and Usage Monitoring
ystem (HUMS) installation, credit validation, and Instructions for Continued
AINT es55 (1CA) for the full range of HUMS applications. Ma 1datory term
this section of T ‘must” _are terms used only g of ensuring the
.ref- applicability of lr*ﬂse :-artur:ular metho [ compliance when he acceptable means of
compliance described herein are use his section of the AC does not change

http://wwwz:taggov/certificatiop/amreraftRot ol _Hums.htm

not the only means of certifying a rotol. Bt HUMS. AC 29 MG 15 addresses the most
complexiextensive HUMS, systems o ser complexity may be addressed by use of

only the parts of this section of the A L are pertinent. HUMS applications in the
Catastrophic criticality category are ressed herein

“The purpose of this section of the AC (AC 29 MG 15) is to
provide guidance to achieve airworthiness approval for rotorcraft
Health and Usage Monitoring System (HUMS) installation, credit
validation, and Instructions for Continued Airworthiness for the full
range of HUMS applications”



FAA-Certified HUMS for Civil Rotorcraft

AIRBORNE Level B HUMS Software

IMD-HUMS [P impitis "

MDC

Data Transfer
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On-Board
Display
Certified components
Rotorcraft Structural Integrity and Safety (S &N\%\ Federal Aviation 18
June 06-09, 2006 ‘\é}\j/fg/’ Administration



HUMS Assessment Results

Sensor 33% 2% 100%
Airborne Systems 23% 7% 7%
Ground-Based Stations and
Accessories 29% 100% 86%
Data Management and Operation 8% 92% 92%
Diagnostics and Manitoring 27% 91% 100%
Maintenance Management 40% 80% 80%
Safety Monitoring 17% 83% 50%
Structural Usage Monitoring and
Credit Validation 12% 59% 88%
Diagnostics, Health, and
Prognostics 13% 47 % 100%
Continued Airworthiness
Instructions 0% 100% 0%
On-Board Warnings, Responses
and Procedures 0% 100% 100%
Overall HUMS
Assessment: 18% 82% 79%




Legends:

- Technology Demonstration H U M s R & D Ro ad m a p

Technolegy Development
Andior Validation

HUMS R&D Areas and Tasks

Short

Long
Term

HUMS AC Requirement Compliance Demonstration

HUMS Development and HUMS-Equipped Flight Testing

Usage Monitoring and Flight Regime Recognition
Direct Loads Monitoring
Maint Credits Validation (Indirect Load Measurement)
Maint Credits Validation (Direct Load Measurement)
Operational Development of HUMS
Hardware
Sensor
Airborne Systems
Ground Station and Peripherals
Software
Data Management
Diagnostics and Monitoring
Maintenance Management
Commercial Validation of HUMS
Algorithms and Methodologies
Safety Monitoring
Structural Usage Monitoring & Credit Validation
Diagnostics, Health, & Prognostics
Onboard Warnings
Responses and Procedures

Flight and Ground Crew

DE |06 | 0 |0 | B

g | 11 | 12

13 | 4




HUMS AC Compliance Demonstration

> Requirements/Objectives:

= Demonstrate validated  Operational gawiioring
technologies/methodologies for

Flight Regime Recognition

certification using AC-29-2C, B =5 o
Section MG-15 (HUMS AC). SR EEEIC: -

« Usage and flight regime
recognition

* Load monitoring

 Maintenance credit validation

Data to update certification
usage spectrinT== ~ == ==

> Technical Approaches:
- Establish intended purpose of HUMS.
= Develop certification/mitigation strategies to address AC requirements.
= Conduct HUMS-equipped flight tests.

Rotorcraft Structural Integrity and Safety & NG Federal Aviation

June 06-09, 2006 \_|_/:/ Administration



HUMS AC Requirement
Compliance Demonstration

Long
HUMS R&D Areas and Tasks Short Term
[s] o5 | o o7 Joa|oe | o) 1) 12] 13| 14
" |[HUMS Development and Equipped-Flight Testing
* | Usage Monitoring and Flight Regime Recognition I

Direct Loads Monitoring
- Maint Credits Validation (Indirect Load Measurement)
* | Maint Credits Validation (Direct Load Measurement)

Priority: =2 @™ ‘&

Rotorcraft Structural Integrity and Safety

June 06-09, 2006




Operational Development of HUMS

> Requirements/Objectives:

= Develop HUMS airborne and
ground-based hardware and
software requirements and

processes for qualification and
certification per HUMS AC.

Operational requirement
inputs for HUMS
qualification and
certification per HUMS AC

= Technical Approaches:

= Establish requirements for direct load measuring — advanced sensors.

= Develop requirements for mechanical and structural fault detection and
1solation.

= Develop software requirements and acceptance criteria.

= Assess commercial-of-the-shelf ground-based station.

Rotorcraft Structural Integrity and Safety S q\z Federal Aviation

N¥isTar s

X et T

June 06-09, 2006 "\ /:;/ Administration



Development of HUMS Operational
Requirements - Hardware -

Long
HUMS R&D Areas and Tasks Short Term
[ 05 |08 | O |08 [ o8 [0 ] 11 | iz | 13 | 14

Hardware

Sensor
Multi Functional
Embedded
Direct Load Measuring Tech Dev, Eval, and Demo
Low Speed Sensors
Structural Crack/Damage Detection
Dynamic Component Crack/Damage Detection
sensor Interogation and Calibration
Rotating Data Transfer
Data Transmission, Wireless, and Networking

Airborne Systems
Cockpit Warning and Display Device Evaluation
HUMS Software Requirements and Acceptance
HUMS System Automated Testing

Ground Station and Peripherals
Ground System Functionality Partition
HUMS Software Requirements and Acceptance
Ground-Based System (GBS) Automated Testing
COTS HUMS Ground Station Assessment & Guidance
COTS Hardware Service History Criteria and VIV
Independent Verification Means
Determination of Data Update Frequency

A




Development of HUMS Operational

Requirements - Software -

HUMS R&D Areas and Tasks

Long
Short Term

05 | 06 | 07 | 08 | o | a0 | 11 ] iz | i3 | 14

Software
Data Management

Component Usage Tracking (UT)

UT of HUMS/Non-HUMS Components & Vice Versa

Data Processing Requirements

Security and Access Control Methods/Procedures

Data Acquisition Operational Requirements/Data Integrity
Data Enhancement and Transfer Integrity

Isolation of HUMS Software From COTS OS For GBS
COTS Software Service History Criteria and VM

Data Transfer and Significance of Web-Enable Applicatior

Diagnostics and Monitoring

Translated Load Monitoring

Component Remaining Life Based on HUMS Process
Considerations for Non-HUMS Component Remaining Life
Mechanical Fault Detection

Structural Crack/Damage Detection

Automated Diagnostics and Reasoning

Maintenance Management

Electronic Part Tracking
Electronic Maintenance Logs

o




Commercial Validation of HUMS

> Requirements/Objectives:

= Validate technologies
including algorithms,
methodologies, and processes Rukrsit €k st Fali i Ui
for usage monitoring and
maintenance credit per

HUMS AC Damage/Crack Detection Cuipuis
) J— Do g e Certification Compliance
- Beaslios Guideli

N AN . Installatiol: -

Technical Approaches: ]|+ Maintenance credit

¢ - % - - — lidat
. . . z P “‘W . ‘I’:sltr:clt‘i’:ns for continued
- Validate flight regime s |__airworthiness

recognition algorithms and
methodologies for usage-based maintenance.

=~ Validate mechanical and structural fault detection and isolation
technologies.

- Establish technologies to calculate component remaining life
based on HUMS process.



Commercial HUMS Validation
- Algorithm and Methodologies -

B 8 =B =

45

Regime Recognition and Monitoring

Physics of Proposed Credits (e.g., Collection of Data)

Credit Validation Methodology

Requirements for Type of Direct/Indirect Evidence
Diagnostics, Health, & Prognostics

Trend Analysis

Mechanical Fault Detection

Structural Crack Detection

Component Remaining Life Based on HUMS Process

Automated Diagnostics and Rationale

Long
HUMS R&D Areas and Tasks Short Term
[5 05 |05 |07 |08 |03 |10 11 [12 [12] 14
' |Algorithms and Methodologies
| ° | Safety Monitoring
: HUMS Minimum End-to-End Performance Criteria —
5 End-to-End Systems and Accessory Requirements ]
" | Structural Usage Monitoring & Credit Validation
| ° | Advanced Rotor Tuning ]
- Advanced Sensor Validation Criteria ]




HUMS Onboard Warnings

Technical Objectives:

= Assessment of onboard display
devices to determine their
reliability, functionality, and
required response or action to
displayed/audible
advisories/warnings

rTE—
28 dae 7
= |

i — ——

T T T T R T e T e

Technical Approaches:

= Evaluate types of devices and
information to be displayed or
audible.

- Assess pilot interface with
operational aspects of the system.

= Study pilot’s response or reaction

to displayed/audible
advisories/warnings.

Outputs:

- Requirements for onboard
advisory/warning and display
systems or devices

- Guidelines for pilots or ground-
based personnel required to
respond to onboard advisories
and warnings




Onboard Warnings
- Responses and Procedures -

Long
HUMS R&D Areas and Tasks Short Term
[5] 05 | o6 | o7 [o8 o2 10|11 [ 12 [13 ] 14
' |[Responses and Procedures
| ° | Flight and Ground Crew
’ Impact of Displayed HUMS Information on Pilot Workload ]
° Pilot Reaction on Warnings ]
7 I

Procedures for Responding to Warnings

Rotorcraft Structural Integrity and Safety

June 06-09, 2006

=y Federal Aviation
! Administration




HUMS CATEGORIES YEARS AND ROM ($K)
1 | 2| 3] a|s |6 | 7|8/ 9 |10]1+|TOTA

HUMS AC REQUIREMENT COMPLIANCE AND

DEMONSTRATION 248 496 496 49 490 485 485 242 0 0 0 3438
|Usage and Flight Regime Recognition 248 | 248 | 248 | 248 g2
Direct Load Measuring 248 | 248 | 248 | 248 g2
Maintenance Credit Demonstration 242 | 485 | 485 | 242 1454
DEVELOPMENT OF HUMS OPERATION
REQUIREMENTS 1257 17756 1518 1498 1341 855 514 298 336 267 276 9935
Hardware 757 | 1159 (1090 | 948 | 629 | 193 | 104 | 71 | 206 | 137 | 276 | 5570
Sensors 412 | 814 [ B14 | 601 | 214 | BS 71 | 137 | 137 | 276 | 3465
Airbome Systems 172 | 172 | 137 | 137 | 137 | 41 41 B3y
|Ground Stations and Peripherals 173 [ 173 [ 139 | 310 | 278 | 83 | 63 6% 1268
Software 500 | 616 | 428 | 550 | 712 | 662 | 410 | 227 | 130 [ 130 | O 4365
Data Management and Operation 188 | 304 | 116 | 370 | 532 | 532 | 235 | &7 2374
Diagnastics And Monitoring 32| 32 | 32 | 180 | 180 | 130 | 175 | 130 | 130 | 130 1991
Maintenance Management 22 22
|[COMMERCIAL VALIDATION OF HUMS 4556 455 4556 215 166 B3 214 298 263 197 0O 2801
Algorithm and Methodologies 455 | 465 | 4556 | 215 | 166 | 83 | 214 | 298 | 263 [ 197 | O 2801
Safety Monitoring 104 5 134
Structural Usage Monitoring and Cradit Validation 320 | 320 | 320 | 89 22 198 | 198 [ 132 1626
Diagnostics. Health, and/or Prognostics 126 | 126 | 126 | 126 | 144 [ 83 | 110 | B5 5 5 1036
Continued Airworthiness Instructions 0
|ONBOARD WARNINGS 0 0 0 0 0 0 0 485 0 0 0 485
Flight and Ground Crew 485 485

TOTAL ROM: 1960 2726 2469 2209 1997 1423 1213 1323 599 464 276




RCDT & HUMS BAA Process & Milestones

2005 | 2006
1D Task Mame Jun Jul Aug Sep Dot Mow Dec Jan Feb Mar Apr May Jun Jul Aug Sep Ot Mov [Deac
1 FY'0E Health and U=sage Monitoring Swysterm (HUKME) BAA Procurements
2 BAA Developrment and Processing
3 HUWS Biad Padkage Development B
4 HUMS BAS Processing q
4] BAA Announcement and Posting
G Ewalustion and Selection
T Mihite Papers Due 320
=] Mihite Paper Ewaluation and Selection
=] Farmal Propozal Saolicitation ’—dﬂi
ETH] > Formal Proposal Due _> ‘;f”
11 Farmal Proposal Evaluation and Selection
12 Contract Award Process
13 Selection Recommendation to FAA Contracting Office B3
14 Development of PRs
15 Contract Hegotiation and Awards L;
16 Contract Awards & 524
17 F0& Rotorcraft Oamage Tolerance [RCOT) BAA Procurements —
1 RCDT RED Strategic Flan dewvelopment e
19 RCEDT R&ED Roadmap, Froject Flans, and RO —
20 RCDT R&D Roadmap Dizsemination to Industry ¢ 3o
21 BAA Developrment and Processing
22 RCDT BAs Package Development
23 REDT BAA Processing
24 REDT Announcement and Fosting
25 Ewalustion and Selection
26 White Fapers Due =
27 hite Paper Evaluation and Seledion
28 Farmal Proposal Salicitation
28 Formal Proposal Due g
jein] Farmal Proposal Evaluation and Selection
jca| Contract Award Process
ﬁ’;ﬁ» Selection Recommendation to Fad Contracting Office | TS
jeic] Develapment of PR=
34 Cantract Megotiation
25 Contract Amards (Legen(j: Com p eted) & 10410
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